Introduction
============

Cancer has become the primary cause of human death and the largest public health problem worldwide, and the morbidity and mortality rates associated with cancer continue to increase.[@b1-ott-11-7417] The clinical importance of tumor markers in the early treatment of cancer is becoming increasingly recognized. Golgi glycoprotein 73 (Golgi protein-73, GP73; also known as Golgi membrane protein 1 \[GOLM1\] or Golgi membrane protein \[GOLPH2\]) is a transmembrane glycoprotein that was first discovered in 2000.[@b2-ott-11-7417]

The current literature suggests that GP73 is one of the most valuable markers of liver cancer and participates in the development of liver cancer through multiple pathways. It was recently reported that GP73 is highly expressed in gallbladder cancer (GBC), lung cancer, prostate cancer (PCa), and other cancers and is associated with prognosis, which indicates that GP73 has a potential clinical value in the diagnosis of multiple tumors. Therefore, this study reviews the recent studies on GP73 and malignant tumors.

Identification and characterization of GP73
===========================================

GP73 is also called type II GOLPH2 and GOLM1. Its coding gene is located at chromosome 9p21.33, and its full-length sequence is 3,080 bp, comprising a 1,200-bp open reading frame harboring two regions coding products composed of 400 and 391 amino acids. It was first discovered in 2000 by the American scholar Kladney et al,[@b2-ott-11-7417] who studied adult giant cell hepatitis (GCH). In normal cells, GP73 resides in the cis and medial-Golgi cisternae and consists of three domains: the cytoplasmic, transmembrane, and Golgi lumen domains. The N terminus is hydrophobic, the single transmembrane region contains a signal peptide cleavage site, and the C terminus has five glycosylation sites, one alpha helical domain, and one acid tail and serves as a functional protein--protein interaction domain. Some diseases could induce the release of GP73 in the cis and medial-Golgi cisternae, and the released molecules could then be transported through endosomes until being secreted into the circulation. Kladney et al used the Northern blot method to examine GP73 mRNA expression in 50 human tissues and found that high expression levels are concentrated in epithelial cells, whereas GP73 mRNA is rarely expressed in muscle, lymphoid tissue, or white blood cells.

GP73 and hepatocellular carcinoma (HCC)
=======================================

HCC is one of the most common malignant tumors in the world. Alpha-fetoprotein (AFP) is a world-recognized serum marker for the diagnosis of liver cancer, and many recent studies have suggested that GP73 has greater sensitivity and specificity than AFP. In fact, the sensitivity of GP73 generally ranges from 69% to 83%, and its specificity ranges from 73% to 97%.[@b3-ott-11-7417] Dynamic changes in the GP73 levels reflect the effects of surgery and transcatheter arterial chemoembolization (TACE) and can be used as a reference indicator of prognosis and disease progression.[@b4-ott-11-7417],[@b5-ott-11-7417] A previous study also found that GP73 mRNA is associated with tumor size, vascular infiltration, and tumor differentiation, which suggests that it can be used as an indicator of tumor progression.[@b6-ott-11-7417] However, the use of GP73 in the early diagnosis of HCC has some challenges. Liu et al[@b7-ott-11-7417] concluded that the presence of autogp73 antibodies in serum would interfere with the monitoring of serum GP73, and the results obtained for some patients with liver cirrhosis and some with HCC were not significantly different. Therefore, it is necessary to further study and explore the mechanism of action of GP73 to assess whether it is a suitable early diagnostic index for HCC.

GP73 plays an important role in the maintenance of normal liver function, and scientists have explored its functions and downstream signal transduction mechanisms in HCC.[@b8-ott-11-7417] Ye et al[@b9-ott-11-7417] found that GP73 selectively interacts with the EGFR and thereby helps EGFR and other receptor tyrosine kinases (RTKs) anchor across the trans-Golgi network (TGN) and recycle cell membranes to promote HCC metastasis; thus, GP73 is considered a key promoter of HCC metastasis. A study conducted by Jin et al[@b10-ott-11-7417] showed that GP73 enhances the expression of matrix metalloproteinase-13 (MMP-13) through transcriptional activation mediated by cAMP response element-binding protein (CREB) and that the GP73--CREB--MMP-13 axis enhances the invasive ability of cancer cells. The abnormal expression of miRNAs plays an important role in the development of HCC, and a study by Zhang et al[@b11-ott-11-7417] indicated that GP73 is a direct target of miR-382. The knockdown of GP73 might inhibit the miR-382-mediated migration and invasion of HCC cells. Zhao et al[@b12-ott-11-7417] found that GP73 is also regulated by miR-493-5p and that the levels of these two factors are negatively correlated. HCC tissues show significant downregulation of miR-493-5p and abnormal upregulation of GP73, which promotes HCC proliferation. The epithelial--mesenchymal transition (EMT) is closely related to the invasion and metastasis of cancer cells. A previous study found marked changes in the phenotypic characteristics of the EMT and related protein expression after GP73 gene silencing. Specifically, silencing of the GP73 gene reduced the expression of the key EMT factors N-cadherin and E-cadherin, thereby decreasing cell adhesion and promoting cancer cell movement.[@b13-ott-11-7417],[@b14-ott-11-7417] Zhou et al[@b15-ott-11-7417] found that in addition to inducing autophagy, GP73 might also be involved in the autophagy degradation process. These previous studies indicate that GP73 is involved in the development of HCC through multiple mechanisms.

Preliminary studies have explored the effect of GP73 in the treatment of HCC. Wang et al[@b16-ott-11-7417] first designed the adenovirus GD55 by replacing the endogenous E1A promoter with the GP73 promoter. The results showed that GD55 led to decreased tumor proliferation and had fewer side effects on normal liver cells. Oxaliplatin (OXA) is a third-generation platinum-based drug that is currently considered a relatively effective chemotherapeutic for HCC patients. Ye et al[@b17-ott-11-7417] induced drug resistance by increasing the drug concentration and found that the knockdown of GP73 in the 97 H cell line resulted in a significantly lower IC50 of OXA and significantly reduced cell proliferation. GP73 is expressed in the OXA-resistant Hep3B cell line, and the resulting change in the IC~50~ of OXA led to increased cell proliferation capacity. This finding indicates that GP73 plays an important role in OXA resistance in HCC cell lines.

GP73 and GBC
============

GBC is a common malignant tumor in the biliary system and is the sixth most common cancer of the digestive system.[@b1-ott-11-7417] Because the mortality rate associated with GBC is high and these tumors have few distinguishing symptoms, the early diagnosis of GBC is crucial. Liu et al[@b18-ott-11-7417] found that the GP73 expression levels show gradual increases from the normal gallbladder to gallbladder adenomatous polyps and GBC, which suggests that GP73 might be a tumor marker of GBC. A statistical analysis of clinical features found that positive GP73 expression is related to the degree of GBC differentiation, Nevin stage, and lymph node metastasis. The rate of GP73 positivity in GBC with an advanced Nevin stage and lymph node metastasis was higher than that in non-metastatic GBC. This finding suggests that GP73 might be involved in GBC invasion and lymph node metastasis and likely plays an important role in the biological behavior of GBC.

GP73 and lung cancer
====================

Lung cancer is one of the most harmful malignant tumors to humans worldwide. The vast majority of lung cancer cases in clinical practice are non-small-cell lung cancer (NSCLC), and 70% of the patients with lung cancer are diagnosed with late-stage disease. Many scientists believe that further study on GP73 could result in its development as a marker for the early diagnosis of NSCLC.[@b19-ott-11-7417] Han et al[@b20-ott-11-7417] collected 90 primary NSCLC tumor tissue samples and 19 distal matched normal lung tissue samples and found positive GP73 expression in the NSCLC group, with a significantly higher positivity rate (56%) than that in the normal lung group. Zhang et al[@b21-ott-11-7417] and Aruna and Li[@b22-ott-11-7417] obtained the same results: GP73 expression in lung adenocarcinoma tissue is higher than that in lung squamous cell carcinoma tissue, and GP73 is only slightly expressed in mesenchymal cells and normal tissues adjacent to cancer. These findings suggest that GP73 could be a potential diagnostic indicator of NSCLC.

Similar to the results obtained in the studies of GP73 in HCC, the results obtained by Aruna and Li[@b22-ott-11-7417] revealed that the overexpression of GP73 significantly promotes the growth of NSCLC cells in vivo, whereas the inhibition of endogenous GP73 has the opposite result. High GP73 expression can induce the EMT, thus promoting the proliferation, migration, and invasion of NSCLC cells. In addition, these researchers confirmed that GP73 enhances the invasiveness of NSCLC by activating MMP-13 signaling. In conclusion, their results suggest that GP73 overexpression promotes the progression of NSCLC and that GP73 might be a new therapeutic target for the treatment of this disease.

GP73 and PCa
============

PCa is the fourth most common malignant tumor in males and one of the leading causes of cancer-related death in males, and its incidence increases with age.[@b1-ott-11-7417] Li and Zhong[@b23-ott-11-7417] and Kristiansen et al[@b24-ott-11-7417] confirmed that GP73 mRNA and protein are upregulated in PCa and that GP73 expression is significantly higher in androgen-independent PCa cells than in androgen-dependent PCa cells. In addition, the GP73 expression levels are higher in PCa than in benign pros-tatic hyperplasia and normal prostatic tissue. Experiments conducted by Kristiansen et al[@b24-ott-11-7417] revealed that screening for GP73 in urine can detect PCa with higher sensitivity than the traditional prostate-specific antigen (PSA) blood test. Laxman et al[@b25-ott-11-7417] reached the same conclusion and found that the GP73 positivity rate is also high among alpha-methyl acyl-CoA racemase (AMACR)-negative PCa cases. These data suggest that GOLM1 is a potential new biomarker for clinically localized PCa. However, Zheng et al[@b26-ott-11-7417] collected serum and urine samples from 100 PCa patients and found no significant difference in the serum and urine GP73 levels between PCa patients before and after treatment, and thus, the ability of GP73 to detect PCa was not obvious. Therefore, the relationship between GP73 and PCa needs further study.

GP73 and breast cancer
======================

Zhang and Cao[@b27-ott-11-7417] performed the first study showing that the serum GP73 levels are significantly higher in breast cancer patients than in healthy control individuals, which proves that GP73 is continuously expressed in breast epithelial cells and significantly expressed in invasive breast cancer tissue and serum. Based on this finding, GP73 is hypothesized to be an early indicator of breast cancer. Shui et al[@b28-ott-11-7417] found significantly increased proliferation, decreased apoptosis, and significantly decreased p53 mRNA expression in MCF7 cells overexpressing GP73, which suggests that GP73 might be an upstream regulator of p53. These data provide new ideas for the diagnosis and gene therapy of breast cancer.

GP73 and pancreatic cancer
==========================

Pancreatic cancer is a highly malignant tumor of the digestive tract that is difficult to diagnose and treat. The early diagnosis rate of pancreatic cancer is not high, and an appropriate marker is urgently needed for its early diagnosis. Duan et al[@b29-ott-11-7417] studied GP73 expression in pancreatic ductal adenocarci-noma (PDAC) tissue and investigated the effect of GP73 on pancreatic cancer cell growth and migration, and their results showed significantly increased GP73 protein expression in PDAC tissues. The growth and motility of PDAC cells are increased upon GP73 overexpression, whereas the downregulation of GP73 expression inhibits cell growth and movement. In addition, the interaction between GP73 and protein kinase B (Akt) increases Akt activity, and GP73 is considered a downstream gene of Ras signaling, which promotes the malignant conversion of normal pancreatic cells. These findings reveal the important role of GP73 in PDAC and suggest that GP73 might be a promising target in the treatment of PDAC in the future.

GP73 and other malignant tumors
===============================

As an important oncogene, GP73 is intimately involved in many types of malignant cancers in addition to those mentioned above, including brain cancer, melanoma, and esophageal cancer. Yuan et al[@b30-ott-11-7417] found that GP73 mRNA expression is significantly higher in four brain tumor tissues than in normal tissues. Donizy et al[@b31-ott-11-7417] found that high levels of GP73 in melanoma cells are associated with the characteristics of invasive disease, the disease-free survival (DFS) period, and the cancer-specific overall survival (CSOS) period. Byrne et al[@b32-ott-11-7417] found that GP73 is secreted by esophageal cancer cells and that the expression and secretion of GP73 promote cell migration and invasion. High GP73 expression has also been detected in seminoma and testicular mesenchymal cell tumors;[@b33-ott-11-7417] thus, GP73 can potentially serve as a new marker for evaluating testicular tumors. GP73 mRNA and protein expression in gastric cancer tissues is significantly higher than that in adjacent tissues. A statistical analysis revealed that GP73 expression is closely related to clinical stage, T stage, lymph node metastasis, metastasis, and venous infiltration. Patients with higher GP73 expression have a significantly lower overall survival rate,[@b34-ott-11-7417] which indicates that GP73 has the potential to become a new target in the treatment of gastric cancer.

Conclusion and future perspective
=================================

Multiple studies have shown that GP73 is a new tumor marker that is upregulated in many malignant tumors and is associated with prognosis. GP73 can promote tumor proliferation, apoptosis, invasion, and migration through various mechanisms. However, little is currently known regarding the mechanism of GP73, particularly with respect to chemotherapy resistance and autophagy, and more extensive and in-depth studies and clinical experiments are needed to explore the role of GP73 in the pathogenesis of malignant tumors and to thus develop new strategies for the early diagnosis and treatment of cancer.
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